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Fracture and Fatigue Characteristics of Metals for LOX/LH, Rocket Tank
Structure Tested at 4K, 77K and Room Temperature

By Hiroyuki TERADA, Eiichi NAKAI, Soushiro IIDA,
Yasumasa HAMAGUCHI and Yoshiaki KAKUTA

Abstract

In connection with the development of rocket tank structure containing cryogenic liquid
propellant, mechanical properties and fracture toughness were examined for several candidate
metals of the structure in order to obtain the fundamental design data at 4K, 77K and room
temperature.

Materials tested in the present study were three kinds of aluminum alloy (2219-T87, 2014-
T651, ZK141-T6) and one stainless steel (301-H). For each alloy, the strength of welded joint as
well as the parent metal was closely examined.

Crack propagation behavior of 2219-T87 parent metal under low cycle fatigue loading at 4K
was also reported in the paper.

The effects of location and orientation of a crack, notch acuity and residual stress on
fracture toughness were studied by using sheet specimens with a through-the-thickness crack or a
surface crack.

All test results were analysed by the technique of the linear fracture mechanics theory.

It was observed that the fracture toughness of welded joint and parent metals of 2219-T87
and ZK141-T6 consistently increases or remains constant as the testing temperature is decreased,
regardless of the location or orientation of a crack. In terms of the other two alloys tested, no
consistent trend of fracture toughness with testing temperature was observed.

It was shown that the strength of the panels with various sizes of cracks can be successfully
presented using a modified residual strength diagram, which was originally proposed by Feddersen.

On low cycle fatigue testing conducted at 4K, crack extension, which was not possible to
observe directly as the specimen was enclosed in a cryostat, could be measured by tracing crack
opening displacement (COD) at each loading cycle. In order to calculate crack length analytically
from measured COD, a work-hardening crack model was employed, which gave quantitatively
good agreement with the actual crack length. The testing results lead to the following relation for
the crack propagation rate of the 2219-T87 parent metal:
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